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(57) Abstract 

A method of joining workpieces (1A, IB) defining a joint region (2) comprises causing a probe (3) of material harder tfcan 
the workpiece material to enter the joint region (2) and opposed portions of the workpieces (1A, IB) on either side of the joint re- 
gion while causing relative cycBc movement between the probe and the workpieces. Frictkmal heat is generated to cause die op* 
po^ portions to take up the p^ 
jom the workpieces together. 
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TMPPnVFOTKTS RELATING TO FRICTION WELDING 

The invention relates to friction welding/ for joining 
two vorkpieces or for operating on a workpiece, for example 
to repair a crack or join a member to a vorkpiece. 
5 Friction welding has been toown ; for many years and 

typically involves causing relatiycuvovea^ a pair 

of workpieces while they are urged together- so as to 

u-.i generate.: au plasticised .region, . stopping —the relative 

;i j^e^^t solidify 

10 thereby joining the workpieces, , Ul 

It has also been proposed^ in the past to join 
workpieces by making use of a ^ncm-conmaable^ member which 
does not form part, of the finished joint* An example of 
this approach is shown in US-rA-4 14 4 110 in which the, two 

15 workp ieces are urged- together, about, a : rota t ing vfaee 1 which 
causes the plasticised region to be generated. The two 
workpieces are also, -translated relative to the . wheel so 
.that they : are z welded together along adjoint region. 
Similar techniques for welding straight-seamed metal pipes 

20 are disclosed in SU-A-1433522 and SU-A-13 62593. The 
problem in all- these cases is that the zone which is heated 
is -displaced from the point at which, the workpieces or 
sides of the pipe are urged : together with the result that 
such techniques would need to be carried put in carefully 

25 controlled atmospheres to prevent oxidation of the 
plasticised region in for example aluminium. 
. . JP-A-6117 6484 discloses a technique using "consumable" 
spinning plugs which are positioned between opposed faces 
of the workpieces and cause the generation of plasticised 

30 regions within the workpieces and within themselves so that 
as the workpieces are urged together the spinning plugs are 
accumulated into the plasticised region and. thereby form 
part of the resulting joint. This is a complex procedure 
requiring the ability to rotate a multitude of spinning 

35 plugs and to ensure that the plug material is compatible 
with the material of the workpieces. 
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In accordance with one aspect of the present 
invention, a Method of operating on a workpiece coaprisas 
offering a probe of material harder than th e workplace 
material to a continuous or substantially continuous 
5 surface of the workpiece; causing relative cyclic movement 
between the probe and the' workpiece while urging the probe 
and workpiece together whereby frictional heat is generated 
as- the probe enters the workpiece so as to create a 
pl asti c i sed region in the workpiece material around the 
16 probe; stopping the relative cyclic movement; and allowing 
the plasticised material to solidify around the probe. 

This hew t echniq ue, which we refer to as "friction 
plunge welding* provides a very simple method of joining a 
probe to a workpiece. The method can be used f oar repairing 
15 cracks and the like within a workpiece or for joining 
mem bers, such as studs oar bushes, to a workplace- 

Preferably, ait least part of the probe which enters 
the workpiece is shaped> for example tapered, so as to key 
into the solidified material. 
20 This technique can be extended more generally to the 

joining of workpleces or the joining of opposed sides of a 
workpiece in for example pipes and cracked, materials and 
the like. Thus, in accordance with a. second aspect of the 
present invention, a method of joining workpleces defining 
25 a joint region therebetween comprises causing a probe of 
material h ar der than the workpiece material to enter the 
joint region and o p p os ed portions of the* workpleces on 
either side of the joint region while causing relative 
cyclic movement : betwee n the probe and the workpleces 
30 whereby frictional heat is generated to cause the opposed 
portions to take up a plasticised condition; removing the 
probe/ and allowing the plasticised portions to solidify 
and join the workpleces together. 

This technique, which we refer to as "friction stir 
35 butt welding* enables a wide variety of workplaces to be 
joined using a "non-consumable 1 * probe without the problems 
of the prior art mentioned above* In particular # the 
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workpieces will not normally be urged towards each other 
but simply restrained against movement away from the joint 
region during passage of the probe. The probe plasticines 
the portions of the workpieces immediately adjacent the 
, 5 probe so that upon removal or translation of the probe 
these regions will immediately coalesce and solidify. The 
.3 v*iI^*&!HHR of <^dation w«i the like ^ are thereby avoided. 

This method can be used to join vorkpieces along a 
<?«mKm plana, as in butt. joJbnts by heating ; and disrupting 
10 , a local, zone formed between the cpo^nents such that on 
. cooling a c*h^ local active 

sons i§,, to^^lat€fcd- along Jthe joint. In particular the 
method generally results in a m±x of tte. ; two* abutting 
;v surfaces, of ten at temperatures below the true melting 
.,15 . point of the materials to be joined. . 

The materials can be metals, alloys or compound 
materials such as MMC, or suitable plastic materials such 
vM.the»o-plastics. . , ,^ r; . 0 ^ 6 ^ #;f& 

In some cases, the. vorkpieces are joined at spaced 
20 locations along the joint region, the probe being withdrawn 
from, one point, traversed to the, next point and then 
- V: , reinserted between the workpieces. Preferably, when the 
joint region has an elongate dimension . extending laterally 
between the workpieces, the , method further comprises 
25 causing relative translational movement between the 
workpieces and the probe in the direction of the joint 
region* 

In one example of the method a substantially non- 
consumable probe is inserted between the materials to be 

30 joiiied in say a butt joint configuration and rotated to 
produce frictional heating. With sufficient heating a 
layer of plasticised material is formed around the probe 
generally composed of both; materials to be joined, such 
that on slowly traversing the rotating probe along the 

35 joint; line, the plasticised material is spread along the 
joint. On cooling, the plasticised material bonds the 
components together as desired. 
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in another exaiple the probe is in the font of a 
slightly tapering cylinder so that it may be inserted from 
one side of the joint, farming a plasticised layer to the 
depth of penetration of the probe. 
. 5 jxi y4t another example, a probe blade is reciprocated 

in the through thickness direction to produce heating of 
' thfe joint stitch that bn travers ing along that; joint line the 
plasticised material passes around the blade and on cooling 
consolidates thi joint. - 
X0 Preferably the plasticised material is restrained from 

extruding from the joint region/ for example by a suitable 
cap or shoe which closely fits the workpiece surface. In 
a further ftxaaple of the probe method, the probe may be 
heated by other means such as electric resistance (Joule) 
15 heating either in combination with frictional heating or 
independently thereof . In the lattar case the probe may 
conveniently take the form of a thin blade or knife which 
is pressed along the joint line forming heated or 
plasticised material from the material of the components to 
20 be joined as described above, this again on cooling bonds 
the components along their common joint line. 

One advantage of the method according to the invention 
is that the depth of operation, and hence the depth of 
suitably heated or plasticised material is accurately 
25 controlled and known in advance. 

Another advantage is that the butting surfaces are 
- directly acted on by the probe, and that lack of bond 
defects (flat spots) oh the joint faces are inherently 
minimised or prevented. 
30 K further advantage of the method according to the 

invention is that a given tool can be utilised for long 
without limit, and that relatively deep joints can be 
in one pass. 

Some examples of methods according to the invention 
35 will now be described with reference to the accompanying 
drawings, in which:- 
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Figure l is an isoaetric view illustrating one aethod; 
Figures 2a and 2b are side elevations of two' different 
rotating meabers; 

Figure 3 is a macro-section through a joint in 
5 ^^"W 1 ?* ailpY using th« method, of figure 1; 

.- p'^I"^ 4 18 * plan ; illusteat^ tte flow of 

aarking with respect to 

r- *A ^ ^^£ric vle ¥ illustrating a second 
10 aethod; : - • 

rfw 1 ^™^? lif-fdA**-? «re ^anples of blades used in 
reciprocating notion; ~ 

:,f*f"^ • a -. ■f* 1 ^ (X7 V 5) through a butt 

^^^-J.^-jfBoc^*^ «^T^ous thermoplastic mattt^ nade 
15 using the method of Figure 5; * ° 

:.-r-^a p ^fSP? i 8 M ? cr r OS8 v ^iion through a butt joint in 
^ 1 ^r* e ^3 < ^r 8 ^ 1 ^ thermoplastic material using the 
. . .. .metho^ of Figure 5; _ v " 

Figures 9a-9c are macro-sections showing a 12mm thick 
20 overlapped (f .*., . two 6mm thick sheets), amorphous 
thermoplastic nater.ia.JL, a. reciprocating notion nultiple 
butt joint in amorphous thermoplastic material, and a 
«»tipn butt joint in 6 . 6m glass fibre 
reinforced material respectively; 
25 Figures 10a, b,c,d,e 6 f."are various sections showing 

^angements. of an overlap joint, a butt joint in 
thick FVC, a multiple butt joint with at least one 
: tran f pa 5 ent ^^f^ 1 * 8 ***? material and a butt joint in a 
glass fibre reinforced thermoplastic material respectively 
30 using the method of Figure 5; 

figure 11 is an isonetrlc view of a variation of the 
^ e .* h f^ ?* Figure 5. for making a. scarf joint; 

figures 12, a,b t c are an isometric view, end view 
ah* Pf «n respectively of a third example; 

• : ., Figures 13a, b, and c show various examples of probe 
shape for use with the method of Figure 12 ; 
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Figure* 14 a and 14b are a schematic view of a further 
process and a macro-section (X4) of an arrangement with two 
- passes above and belov the plates; 

Figure 15 Illustrates an extension of the method of 
5 Figure 12 in which the probe is inserted and entrapped in 
the parent material; and. 

Figure 16 shows an example of a probe adapted as 
insert bush or stud according to tie method of Figure 15. 
In the example shown in Figure 1, 'a pair of aluminium 
1© alloy plates ik, IB are butted together about a joint line 
2. A non-consumable probe 3 of steel having a harrow 
central, cylindrical portion 4 positioned between upper and 
lower sections 5,6 is brought the edge of the joint line 
2 between the plates 1A, IB. The probe 3 is rotated by a 
15 m ot or 7 while the probe is traversed in a direction 8 and 
while the plates are held against lateral movement away 
from the probe 3Y The rotating probe 3 produces a local 
region of highly plasticised material around the steel 
•pencil* portion 4 while top and bottom constraint is 
20 provided by the sections 5,6. 

Xt should be noted that the constraining faces of the 
sections 5,6 axe close fitting onto the sheets 1A, IB to be 
joined to avoid loss of material from the plasticised zone. 
The rotating member 3 or the bobbin can be manufactured in 
25 one piece as shown in figure 2a, with a preset gap 
(typically 3.3mm) between the faces 5A, 6A. 

Alternatively, the bobbin may be demountable and the 
two parts 5,6 V secured, for example, by a cotter pin 9, as 
shown in figure 2b. For this It is convenient to drill a 
30 hole corresponding to the pin diameter in the butting 
sheets to be joined and the two parts 5,6* of the bobbin 
brought together firmly onto the sheets before securing. 
Furthermore, the gap may be made adjustable over a short 
distance by a suitable cam lever or eccentric (not shown) 
35 to allow for variation in the thickness of the sheets to be 
joined from nominal values. Set again, the component parte 
of the bobbin may be suitably spring-loaded so that a tight 
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fit is aaintained in spite of saall variation in the sheet 
'*' Wi '"~' K ' : '^clcness. In all cases to avoid pre-drilling^suittole 
hole in the batting sheets to be joined, a suitable run-on 
(and run-off) tab can be utilised. For example, a split 

>i ^i^l^^^if^u 9 ^^^^^^ can be 

*«* • t-$§&m$*pmS& vflffctgPt&faF *S&K«** Pressed 

-^»St*^&$!^6l£rt^.^ so 

.■->,,, t SS§fe#f J&^cised, ~^«^is,fpr«ed fe ^ere^jis niniau. 

.»*;.«*£., «f«K» SF^i£^?*WHm S E®** l * !s mm* ^roughout 
■so t^riMM^ m. abrim^; e*«,va 

AflMLA^^«!v ftetttet«§tJB -chined 

^S&P^^^iWf^J^t WftBlWJtJK? Pfcvided with a 

..-.-it*? ^d^^^pt&tf&ji&fe ^ aw&sd^ visibly 

n.f -si : i ..|??^f h ^ sone^oorrespjpd^ng .in width to ^diunter of the 
;.-,:>/ o ... iSfes^MP ^the^cha^fer^Mte^ 
^^.^^ f^ i ^a oad Moy Brs ^' >**ce jcaii . ^ slightly 
>...-rJS^M$fe-^ IS^^C % P.^pr^greaj:er # ,such 

load is developed of sufficient width. ^ preferably the 

afi? «.* ^^^^a*^ 5 ^^|f r fi9« s «a^^b^ *i^f^5«'* greater 
« r.--X3 %S8t,JjJ8 ftF^ftilSstg* J5f t&K- ge^^^r.^«sticis^ 

*A 25 ?. , i ; i yJffif* ^4^^ x ^b^^as^escrib^d.,tbe rowing aeeber 

^ $?l-»flS^ti#P *?IWl3 -..t'M-l^ :?^^!^%?* "^OBponents 

a.-*- : : Jl;§ fSi**^ 1 ?*^!?, ^WA-S^fi^W l Jt** i Jf •'%$-': ln fce8sary and 
; . r , .a preset., bobbin . can. be. used. . . * " *~ 

s.-^^ sa^^k^S*-]^ •?!?^S^^?^4^^i^^fCb bobbin 
» -iM*'*&t&lJBi -JWt f?l?fM^o^^f%.*i|agnesiu» 

JS^cfl^^k 3£!§*9t^^$?" ^ick.,^" 5 ^].(o^er^ll width 
.-.^vx :.^v ^i^t^affect^^ gmm wide 

s.-u : P^? 8 ??*** 0 ?, *° *b« contact, zone on a. chanfered. bobbin. 

^ x (py4|aMgp^ oppg dLcjjf approximately ;. 0. 4 7m/ sec) and traversed 

••■AO-; :r-*$#^i$^ l^J^,. ll^,^ f . : 37Cto^p« jf^gj^f^^ 1% should be 



noted thai: the contact f abas of the bobbin contribute to 
the heat; input as veil as the heating provided by the 
rotating pinl and correspcakii^ For lover 

rotational rates the travel rate is also reduced, such as 
5 at BOOrpm, a" suitable travel; speed 1* 190mm liar, minute . 
Harness travel apeed leads to void fWmation dr lack of 
^ consolidation Of the plasticised material. 

'''Mm Illustrate in figure 4 r the piastlcised material 
is swept around the rotating probe 4 iuch thit Voids, If 
10 any, tend to form on the' side vb^e the rotating surface is 
moving in the same direction as the travel along the joint 
(advancing edge). It appears there is no difficulty in 
obtaining complete consolidation 'with the plasticised 
material filling tba joint ' n \~*one lir -other' ; regions, 

15 i>artiCTl*rly oh the side where the rotating Surface is 
against the direction of travel of th«t bobbin through the 
material (retreating edge) . ^ 

Figure 5 shows a further ^thod according to the 
Indention by which the heating is obtained from a 

20 reciprocating blade 11 about which plasticised material is 
formed, and which is passed along the joint line 2. As 
previously the mechanical motion generate* f rictional beat 
in the plasticised material which, with traverse, flows 
from the leading to the trailing edges of the blade 11 and 

25 on cooling completes the butt joint between the materials 
to be joined* The blade 11 can be reciprocated from one 
side only or between two synchronized heads on either side 
of the materials. For mnirfwj the butt joint, the sheets 
1A,1B are placed in contact but generally without an 

30 abutment load prior to tr av er s ing the blade 11 along the 
joint line. If necessary guard plates can be mounted above 
and below the materials to be joined to prevent excessive 
displacement of plasticised material out of the joint xone. 
Also for some materials a degree of pre-heating the blade 

35 11, eg. , by passing an electric c ur r en t down the length of 
the blade can add to the heating due. to rapid mechanical 
shear In the plasticised 
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Although a simple thin rectangular blade 11 can in 
principle be used, it is preferable for the reciprocating 
blade to be shaped in cross section and in particular to 
have a relatively narrow wedge shaped trailing edge. A 
5 _ double vedge profile is shown in, Fig. 6a where the overall 
length in the direction of travel is preferably between 5 
and 15 ti ne s the width. The width should be as small as 
convenient, such as around imm, and the blade made or 
f^SF 1 * 1 *fric*V,i* sufficiently strong at the melting point 
.10 temperatures of the thermoplastic, ie . , at temperatures 
between 250 and 300?C to withstand the mechanical forces 
., and in particular to npt buckle. For example tool steel or 
other hard steel can be ground into the shape desired and 
the surface polished to give a fine finish. Where 
15 desirable , the blade can pass through guard plates to 
prevent excessive plasticised material being taken out of 
¥£P?* **** *£hese guard plates may also be made of 
tool steel and lined with a low frictional resistance 
material . such as PTFB. The double wedge shape is 
20 particularly useful for moving in either direction along 
the common joint line. 

, v> A single ended wedge is shown in Fig. 6b where 
pref erably the overall length is between 3 and 10 times the 
width and the leading edge is rounded. This shape is used 
25 with the rounded end in the direction of travel along a 
straight joint line and can also be used for joining along 
a curved line of relatively large radius. A further 
arra n g ement for curved joints is shown in Figure 6c, where 
the trailing edge is curved in section to correspond 
30 approximately withf the curvature of the joint IJLne . 

For the reciprocating blades the displacement is 
pref erably equal to or less than half the overall thickness 
9*J%? 't***? 1 * 1 joined, ie., ± 3mm car less for 6mm 

..Bh£$fc and so forth. Greater strokes lead to excessive 
35 loss of material from the joint and consequent voids or 
porosity. It is noted that the plasticised material tends 
to cling to the blade and is pulled and pushed with 
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reciprocating motion in the through thickness direction . 
Operating conditions air* chosen such that the build up of 
plastlcised material on the blade is avoided or minimised. 
The frequency of reciprocating motion depahds partly 
5 • on the aj^> 11 txide # and partly on the material being joined. 
\ Preferably the maximum (sinusoidal) velocil^ iri the mid 
stroke position is lis the region of O.Sm/sfeb'io 5 m/sec. 
Fen: materials such as polyethylene ahd PVC the preferred 
velocities are in the range of 0.75 metre per second to 4.5 
10 metres per second* The higher velocities lead to greater 
heating MtiT ih A the limit to degradation of the 
thermoplastic material. 

£o assist in initiation of the seam the reciprocating 
blade 11 can be pre-heated prior to the f fictional 
15 operation. Any convenient method can be used Joule 
heating of the blade, or heating by hot gases, or 
maintaining the blade in a pre-beated sheath prior to use. 
Where advantageous the blade may also be electrically 
heated in use as Well as developing thermal energy through 
20 mechanical work. 

A typical joint in an amorphous thermoplastic material 
- white polyethylene - is shown in Fig. 7 for Siax thick 
material. For this the blade stroke was approximately ± 3mm 
at around ATBz giving a maximum sinusoidal mid stroke speed 
25 of 0.88 metre per second. The butt joint is Completed at a 
rate of 30mm per minute giving ah overall jbiht completion 
rate (depth and length per unit time) of 3mm 2 per second. 
It should be noted that this greatly exceeds that possible 
with the hot gas welding technique which is' commonly used, 
30 and which for this thickness would require seveiral" passes . 
A simple tensile test across this butt joint as-velded shows 
a strength well in excess of 50% of the parent material 
alone. Xt is also noted that the joint Jjr virtually free 
from pores or flat spot areas and provides a narrow bead on 
35 the top and bottom surfaces of the butt joint. She bead 
profile does not exhibit the central re-entrant angle 
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commonly found in thermoplastic materials joined by the hot 
butt techniques. 

A typical butt joint in a semi -crystal line material - 
clear FVC - is shown in Fig. 8 for 6mm thick sheet joined 
5 under similar conditions to . that for. the polyethylene 
material with a travel rate of ; 30n per minute. Again a 
simple tensile test shows strength above 50* of parent 
material alone with a good profile with top and bottom 
beads. The section Fig. 8 shows the flow lines of the heat 
10 affected material, as ^ . ; wel 1 / , . as the.*^ sons t - 1 ; where the 
plasticlsed material has formed the joint. Higher travel 
speeds can be used but; speeds in excess of 90m per. minute 
lead to the occurrence of voids or other porosity in the 

St: . joint*.;" 5 J»; . r., f ,..-, ; 

15 . Various examples of different joints in ^thermoplastic 

material using a reciprocating blade is shown in Fig. 10. 
A simple seal between overlapping sheets is shorn in Fig. 
10a, the solid line 12 indicating the line, along which the 
probe or blade extends. Ihis method may also be adapted as 

20 sketched in Fig. 10b and c, for, the / joining of two sheets 
of similar thickness* Fig. 9a shows a -real joint similar 
to Figure 10a between . two sheets of clear FVC 6mm thick 
with the same operating conditions as for Fig. 7 of stroke 
± 3mm and frequency around 47Hz. The travel rate used was 

25 still 30mm per minute in spite of the double thickness 12mm 
total. 

Another arrangement suitable for the joining or 
sealing is shown in Fig. lOe where two 3mm sheets are 
. joined to one emm thick sheet in a butt configuration. A 

30 clear plastic such as clear PVC enables the joint to be 
inspected for quality. This is shown in macrosection in 
Figure 9b. A further joint is shown in Fig. lOd where for 
-thick plate the ends , have been upset to give an extended 
joint area. For this the stroke may be for example ± 13mm 
35 at a frequency of around 53Hz giving a maximum velocity of 
around 4.3 metres per second. With a travel speed of 40mm 



WD 93/10935 



PCT/GB92/02203 



par minute the overall joining rata. is around 20ml 2 per 
second of batting section* 

Finally, Fig. lOf (and Figure 9c) shows a joint 
between fibre reinforced polyethylene with a 20* by weight 
5 inclusion of snort glass fibres. Conditions similar to 
those used for Fig. 7 vers employed with 3 On per minute 
travel rate fen: material 6.5mm thick- A joint strength in 
the order of 50% of the parent material or about 80% of the 
plain un-reinforced polyethylene Was obtained. 
10 Xt should be noted that these nominal tensile 

strengths are for as-welded specimens and that vith further 
combinations of parameters to provide an optimum result 
strengths approaching that of a parent material should be 
obtainable. 

15 An alternative approach to increase the effective 

Joint strength is shown in Fig. 11 where vith the same 
reciprocating blade 11 a scarf joint is made between two 
abutting sheets 13,14 having sloped edges 13A,14A defining 
a joint region 15. This arrangement also allows the two 
20 sheets 13,14 to be held in position via rollers 16,17 and 
any tendency to pull apart restrained. 

Xt should be noted that the end load in the direction 
of travel of the reciprocating blade 11 under suitable 
joining conditions is relatively low and only a simple 
25 traverse mechanism is required to maintain uniform motion. 

Alternatively and particularly for thin sheet below 
10mm, it is possible to use a band tool similar to a 
conventional jig saw for achieving the joint between 
butting or overlapping plastic materials. For c urved joint 
30 lines a relatively thin blade of small longitudinal 
dimension such as lam x 4am of the general shape shown in 
Fig. 6c is desirable. Such hand tools can also be fitted 
with caterpillar type crawler trades to maintain a uniform 
forward velocity. The trades may be made with rubber 
35 impregnated trade faces or partially evacuated to improve 
traction and adherence to the surface of the plastic 
material. 
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In thm example of Figure 12 the non-consumable member 
has a slightly tapered cylindrical probe 18 at its leading 
end, which is pressed against and becomes inserted between 
the plates 1A, IB, bat does not extend completely through 
5- the- thickness of the materials- being joined as shown in 
~ : Figure 12b. ^fce surface appearance of the plates after the 
butt welding operation is shown in Figure 12c for the upper 
v surface. . -o. , . ... 

, v ^ a The shape of the probe is important. A simple conical 
10 > point (Figure 13a) enables the probe to enter the plates 
fitted together relatively easily but results in a 
narrowing of the plasticised region near th* apex of the 
probe. Alternatively, a truncated cone, such as shown in 
Figure 13b, requires preferably a pre-drilled depression in 
15 the butting sheets to be joined. Preferably the probe is 
of a slightly tapered cylindrical form with a blunt nose, 
as shown in Figure . 13c. This enables the probe to be 
pressed against the sheets so that it becomes inserted 
forming a plasticised zone around the probe which travels 
20 along the joint seam as previously described. 

For a joint between aluminium alloy plates. 6mm thick 
made by the method illustrated in Figure 12, the probe may 
^ -be rotated at 850rpm and traversed along the joint line at 
240am per minute. Higher rotational speeds, such as 
25 lOOOrpm, enable greater travel rates to be used up to say 
300mm per second, but increasing the travel rate 
excessively leads to the formation of pores along one side 
as was found with the parallel sided arrangement of Figure 
X. Alternatively, the rotational speed can be reduced such 
30 aa down to 300rpm with a corresponding reduction in travel 
rate. For a given travel speed there is a . reasonable 
tolerance in rotational rates such as at 4mm per second 
(240mm per minute) for the, aluminium silicon magnesium 
alloy (BS6082) satisfactory results are obtained for 
35 . : rotational speeds between 440 and 850rpa. 

Figure 14a illustrates a. further example in which a 
pair of non-consumable members 20,21 similar to the member 
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v 18 are provided on opposite side* of the platen 1A, IB. 
■ The members 20,21 will be urged towards each other, but are 
displadad in the direction of travel such that the plates 
are clasped together In position, bat pot. sufficiently to 
5 cause excessive heating- *t the ^ interface between the 
a outwardly facing surfaces of the plates and the nan- 
fix g consum able mesber s? Alternatively, the method off Figure 12 
can bi carried but as separate operations on each side of 
the plates beiwj joined* An example of double sided veld 
10 ~ according W the above is shown in Figure 141* for" the same 
aluminium silicon magnesium alloy. The operating 
■? conditions were 240mm per minute travel mt 850rpa for each 

The ccmtact face 22 of each single ended probe cast be 
15 * substantially square or preferably vith a email chamfer to 
relieve the outer edge* The .' ap pr opri ate i load' or 
positioning of the rotating probe Is then given by the 
appearance of the plate surf ace which should chow that the 
face is in contact from tb» vide but thin layer of 
20 disturbed material. Alternatively/ the face of the 
rotating member can be slightly domed as for the: face of 
the bobbin In Figure 2, such that at a given load the 
surface contact area expands to at least 50% greater than 
the diameter of the probe itself • Contact zones up to 
25 three times probe diameter have been found satisfactory. 
r: For thinner materials it is preferable to scales the probe 
that, for example it is reduced to 4 or 3mm. 
Ly the preferred rotational speed is also reduced 
vith the travel rets for a smaller 
30 For example vitb'a* 3.3mm diameter- probe * 

of 440rpm and 120mm pexr minute travel is satisfactory. 

In all these clues the slight taper of the probe face 
22 amounts to around 2 # v 

The method described vith respect to Figures 1, 5 and 
35 12 can be applied to the joining together of the abutting 
faces of a crack in a given material oar component. Che 
crack may be in the full thickness, or only partially 
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penetrating the thickness, and say lie in parent material, 
; ar' ; a heat affected zone in the material, euch a c adjacent 
to a weld or in a veld itself. The method of Figure 12 is 
generally suitable! for a partially penetrating crack, 
a l t ho ugh in principle . a fully penetrating method such as 

where preferably the probe is inserted into the parent 
Material (to the depth of the crack at least) before 
10 {Missing along the prack interface, to generate plasticised 

„ material by frlctional heating which on cooling 

t> :.s riser fiat 'ij^^n^i.^ftxTL&syxsri 'o sisao^ ;v?i0a^*rjr^ 

• .„ consoli dat es the aaterial where the crack previously 

^ existed. The end of the crack in the direction of travel 

. can be .consolidated in various ways. For example the probe 

^ 15 can be left in~situ or, alternatively, a pass made in the 

reverse direction and overlapped with the initial pass so 

- ... m t^s^m-iP* 1,1 a region 

:.^ 3 * s *x ^SSl? *» «klngr ; a lo^l^p^t or weld 
r> . ^ , r < i f^%.^l h £St < 1t«v«wi^ r ^e^"tooi _ for _^en«ritlng frlctional 
,, , , , J.be^toj a^^'i^Lli^a tjg a URrate |m^VeM-iite of 
tl» Matmrial., Jm for exa mp le the plasticised material 
>«■ f^S 10 ^ 4ft J 1 ** 1 *?!*!* stitch together two components at 
discrete intervals along their common interface. In like 



25 manner a crack can be held together by local plasticised 
terlal at one or more regions along its length. In these 



the probe can be left in-situ surrounded by the 
plasticised material so formed. Preferably in this 
^ arrangement the probe can be in a collet with a suitable 
30 end face to help prevent excessive dispersal of the 
plasticised material displaced by the probe. 

Furthermore, as illustrated in Figure 15, a probe 24 
; for forming a local plasticised sone in a single locality 
can have . re-^mtrant regions 25 such that on^ inserting the 
35 probe into the materi^ 

r tta i» ■ yUa ^ ^ijMm v ^ lift, cooling liie probe is entrapped 

by the material, apart from any metaliurglc^al bond between 

: £Vio. r „ i'Jt t 
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the probe material and the surrounding plasti c i sed 
material. Preferably the probe is supported by a shoulder 
26 as in the arrangements of Figure 12 and 13 to provide 
further heating and to prevent excessive dispersal of the 
5 " plastidsed material being formed. " ^ 
1 ^ " Tbm above technique may also be utilised for inserting 

and entrapping probes of harder/ stronger material into a 
softer /weaker material to act as fixtures for attaching 
other components to the weaker material. An example is 
10 shows in Figure 16 of such a probe 27 adapted as a stud or 
bush for insertion, which is stronger or moire durable than 
the parent material. 

These and other variations of the method according to 
the invention in which plasticised material is generated by 
15 fr Actional shear from a separate component inserted into 
the parent material and which on cooling consolidates the 
material or surroun ds the component to restrain it in the 
material is within the scope of this invention. 

Xa all these examples, the result of the welding 
20 operation is an extremely smooth finish on the surfaces of 
the plates which is a particular advantage of this process. 
This cam be improve d by providing Ferodo brake material on 
the facing surface of the non-cxmsumable probe. Typically 
the rotational speed of the non-consumable will be between 
25 300 and 600 rpm and the traverse rate of the work piece is 
in the range of 1 to 6ma/*ec. Typically, the non- 
consumable will be made or an alloy steel* 

Specimens have been produced and subjected to 
mecdianical tensile and hammer bend testa am well as 
30 metallurgical evaluation which have demonstrated the 
practicability of the process. 

She advantages of the process can be summarised as 
follows 

Ron-consumable technique 
35 Continuous - unlimited length 

Ho preparation 
Reasonable smooth finish 
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Good Mechanical properties 
: Solid phase, 

Lov distortion 

Limited axial load ie. no axial feed only light 
5 contact , c v ... 

Key hole technique 

Portable equipsent KAT driyeji , % r o r 

Joint can be produced froa one side 
Sijpple to use ^ . . 

10 Ci . Lov poet capital equipment 

r? , v . ffc^ffcf^fi 5<5 position . _ 

Examples of applications of the technique include: 
Autogenous key hole technique, Plate fabrication in 
ship building. Pipe butt voiding, Aluminium Armour plate, 
15 Pipe seaa, . Fracture repair, Plastic welding, and 
fabrication of joists etc. 
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X. A method of operating on a workpiece, the method 
comprising of faring a proba of material harder than the 
workplace material to a continuous or substantially 
5 continuous surface of the workplace; causing relative 
cyclic movement between the probe and the workplace While 
urging the probe and workplace together whereby frictional 
heat la generated as the probe enters the workplace so as 
to create a plasticised region in the workpiece material 
10 around the probe; stuping the relative cyclic movement; 
and allowing the plasticised material to solidify around 
the probe. 

2* A method according to claim 1, wherein at least part 
of the probe which enters the workpiece is shaped so as to 
15 key into the solidified material. 

3- A method according to claim 2, wherein the probe 
tapers outwardly in a direction towards the workpiece. 

4. A meth o d of joining workplaces defining a joint region 
therebetween, the method comprising causing a probe of 

20 ma t e r ia l harder than the workpiece materiel to enter the 
joint region and opposed portions of the workpieces on 
either side of the joint region while causing relative 
cyclic movement between the probe and the workpieces 
whereby frictional heat is generated to cause the opposed 

25 portions to take up a plasticised condition; removing the 
probe; and allowing the plasticised portions to solidify 
- end join the workpieces together. 

5. A method according to claim 4, wherein the joint 
region has an elongate dimension extending laterally 

30 between the workpieces, the method further comprising 
causing relative translational m o v em ent between the 
workpieces and the probe in the direction of the joint 
region. 

6. A method according to claim 4 or claim 5, wherein the 
35 probe extends through the thickness of the workplaces. 

7. A method according to any of claims 4 to 6, wherein 
the probe has an elongate axis which substantially 
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intersects the joint region and extends substantially 
parallel with the sides of the workpiece defining the joint 
region. 

8. A method according to any of claims 4 to 6, wherein 
S the probe defines an elongate axis which extends in a 

direction substantially transverse to a plane parallel with 
the joint region. 

9. & method according to any of claims 4 to 8, wherein 
the worJqpiecdb cbSgprise separate members. 

10 10. h method according to any of the preceding claims, 
wherein the probe has an^ elongate axis and undergoes cyclic 
movement in a direction generally parallel with its 
elongate axis. 

11. & method according to claim 10, wherein the cyclic 
15 movement is a reciprocating movement. 

13. A method according to any of the preceding claims, 
wherein a cross-section through the probe is substantially 
circular. 
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